Motivation: Although natural products represent a reservoir of molecular diversity, the process of isolating and identifying active compounds is a bottleneck in drug discovery programs. The rapid isolation and identification of the bioactive component(s) of natural product mixtures during the bioassay-guided fractionation have become crucial factors in the competition with chemical compound libraries and combinatorial synthetic efforts. In this respect, the use of spectral databases in identification processes is indispensable. Results: We have developed a database containing 13 C spectral information of over 6000 natural compounds, which allows for fast identifications of known compounds present in the crude extracts and provides insight into the structural elucidation of unknown compounds.
INTRODUCTION
Natural products have traditionally been a major drug source and continue to play a significant role in today's drug discovery environments (Butler, 2004) . In fact, in some therapeutic areas, as for example, oncology, infections and immunomodulation targets, many of the currently available drugs are derived from natural products (Buss et al., 2004) .
For drug discovery and their development, natural products represent a reservoir of molecular diversity that may become a complementary resources to combinatorial libraries. Nevertheless, the process of isolating and identifying active compounds is at present a bottleneck in drug discovery programs. However, these practical difficulties can be overcome due to progress made in separation technologies as well as in the speed and sensitivity of structure elucidation (Clarkson et al., 2006) . The rapid identification of the bioactive component(s) of natural product mixtures in high-throughput screening programs has become an indispensable factor that guarantees effective competition with chemical compound libraries and combinatorial synthetic methodologies. For the isolation, identification and biological profiling of bioactive compounds, the effective use of automated procedures and databases will be necessary. In order to compare and identify known structures, a query to a database can be performed by spectral data or substructures.
13 C NMR spectroscopy is the most powerful tool for this task. A tremendous amount of work can be eliminated by the identification of previously characterized structures with the help of a database search. Instead, our efforts can be reoriented towards the characterization of novel compounds. In the area of natural products, where hundred thousand compounds have been reported in the literature, most compounds are absent from commercially available spectral libraries. SuperNatural is a public resource containing 3D structures developed for searches of bioactive natural compounds (Dunkel et al., 2006) . A complementary tool of SuperNatural could be NAPROC-13, since it allows for a rapid identification of natural products in phytochemical studies. Once a compound has been identified from vegetal extracts by means of NAPROC-13, searches by similarity in SuperNatural could be performed in order to determine its hypothetical biological activities. The existing open source database in the web (NMRShiftDB; http://nmrshiftdb. ice.mpg.de) contains spectral information of natural compounds, yet, unfortunately, it also contains a significant quantity of synthetic compounds that lack drug-like properties. NAPROC-13 presents the advantage of containing only natural products and few related compounds. Unlike NMRShiftDB, NAPROC-13 uses Cartesian coordinates for graphics that improve structure representations and allow for a better appreciation of the stereocenters in accordance with IUPAC recommendations (Fig. 1b) . Given the stereospecificity of most biological Targets, stereochemistry determines the biological properties of natural products and drugs. Another characteristic of NAPROC-13 is the homogeneity of the numbering system within the same family compounds, which enables the comparison of spectral data lists of a variety of related structures. For every family compounds, NAPROC-13 uses the numbering system of the Dictionary of Natural Products (http://www. chemnetbase.com, Chapmann & Hall/CRC Press). Finally, it contains collections of compounds and their spectroscopic associated data that is not available in other databases.
METHODS
In order to enhance the drug discovery process of natural products, we have developed NAPROC-13, a suitable tool that deals with *To whom correspondence should be addressed. y The authors wish it to be known that in their opinion, the first two authors should be regarded as joint First Authors.
complex chemical problems such as structure elucidation, which necessitates the joint efforts of information science and chemistry experts. NAPROC-13 significantly enhances the search of spectroscopic information on the web by integrating structure-based and numerical chemical shift searches. The basic database scheme is relationally organized and the molecular structures are defined and stored in the database with SMILES code (Weininger et al., 1989) . This format of structural specification, which uses one line notation, is designed to share chemical structure information over the internet. The substructural searches are performed by SMARTS code, a variation of the SMILES code. The spectral 13 C NMR data, in the form of a numerical list of chemical shift and carbon multiplicity, is always associated with every compound structure. An applet, JME (Ertl et al., 1997) , is used to convert these notations into a graph that represents a structure that will be interpreted by organic chemists. The database contains more than 6000 natural compounds and related compounds, mainly terpenoids (triterpenoids, diterpenoids, etc.). At present, other families as alkaloids are being introduced, too. The largest number of heavy atoms of a compound in the database is 99, and its molecular formula is 
CASE STUDY
A phytochemical study of Caesalpinia bonduc (L.) Roxb has been described in the current September issue of Journal of Natural Products (Pudhom et al., 2007) . This species is used as a medicinal plant in various regions of the tropics. In fact, metabolites of the same family isolated from this plant present antiviral, antimalarial, antibacterial and antioxidant activities. In this article, the isolation of 3 new natural products together with 13 known diterpenoids are described.
13 C NMR data of 11 from the 13 known compounds are available in NAPROC-13 (only -caesalpin and -caesalpin are absent). All of them could be easy and rapidly identified as a group of Diterpenoids, called Vouacapanes, by the use of NAPROC-13 database. A later search by type of compound, Vouacapanes, allowed us to find spectroscopical data of 78 compounds and to graphically visualize their chemical shifts over the structure. Had the authors used an iterative search by chemical shifts carried out in NAPROC-13, they could have rapidly elucidated the structures of the three new compounds. Indeed, as can be appreciated in Figure 1a , a search carried out by only 4 chemical shifts of the 23 signals of the spectrum of compound 1, Bonducellpin E, has allowed us to find 6 compounds (Fig. 1b) all of which belong to the Vouacapanes group. The 11 already described compounds belong to the same group. These findings indicate that searches carried out with NAPROC-13 are highly efficient and selective. In addition, the results derived from the analysis of the HMBC correlations published in the same paper could be studied by group searches also implemented in NAPROC-13. 
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